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Theoretical knowledge in implant dentistry for undergraduate
students
Abstract
Implant therapy has evolved into an important part of daily dental practice. Appropriate knowledge of
diagnostic and therapeutic options with dental implant therapy is, therefore, mandatory for dental
students. The present consensus paper describes the theoretical knowledge as a foundation to the
teaching of implant dentistry at the undergraduate level. Students need a solid basic knowledge about
biological prerequisites and clinical procedures leading to successful implant treatment and, in
particular, an understanding of the importance of embedding implants into the overall treatment concept.
Among others this includes aspects of bone and soft tissue integration of dental implants, as well as
aspects of materials that are used in implant dentistry. The students should also be able to differentiate
between low, medium and high-risk situations, which assumes that they have knowledge about a proper
clinical examination. Furthermore, the students need to be able to inform the patient about the different
treatment options and their advantages and disadvantages. Frequently, a choice has to be made between
an FDP anchored on teeth and an implant-borne reconstruction. This is highly influenced by the
long-term prognosis of the different treatment options. In order to perform implant placement in
uncomplicated cases and to give appropriate patient information, adequate knowledge of surgical
procedure and surgical complications is mandatory. Furthermore, the dentist needs to be competent in
evaluating clinical situations and in advising patients about the suitability of the different options, e.g.
removable or fixed reconstructions. It is possible that peri-implant tissue destruction may be a more
common finding during long-term service of implant-borne reconstructions than was previously
believed. The dentist needs knowledge about etiology and pathogenesis of peri-implantitis and should
know how to provide an effective maintenance care programme. In cases of peri-implantitis the student
should be knowledgeable regarding suitable interventions.
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Abstract 
Implant therapy has evolved into an important part of daily dental practice. Appropriate 
knowledge of diagnostic and therapeutic options with dental implant therapy is, therefore, 
mandatory for dental students. 
The present consensus paper describes the theoretical knowledge as a foundation to the 
teaching of implant dentistry at the undergraduate level. 
Students need a solid basic knowledge about biological prerequisites and clinical procedures 
leading to successful implant treatment and, in particular, an understanding of the importance of 
embedding implants into the overall treatment concept. Among others this includes aspects of 
bone and soft tissue integration of dental implants, as well as aspects of materials that are used 
in implant dentistry. 
The students should also be able to differentiate between low, medium and high-risk situations, 
which assumes that they have knowledge about a proper clinical examination. 
Furthermore, the students need to be able to inform the patient about the different treatment 
options and their advantages and disadvantages. Frequently, a choice has to be made between 
an FDP anchored on teeth and an implant-borne reconstruction. This is highly influenced by the 
long-term prognosis of the different treatment options. 
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In order to perform implant placement in uncomplicated cases and to give appropriate patient 
information, adequate knowledge of surgical procedure and surgical complications is 
mandatory. 
Furthermore, the dentist needs to be competent in evaluating clinical situations and in advising 
patients about the suitability of the different options, e.g. removable or fixed reconstructions. 
It is possible that peri-implant tissue destruction may be a more common finding during long-
term service of implant-borne reconstructions than was previously believed. The dentist needs 
knowledge about etiology and pathogenesis of peri-implantitis and should know how to provide 
an effective maintenance care program. In cases of peri-implantitis the student should be 
knowledgeable regarding suitable interventions. 
 
 
Introduction 
 
Implant therapy has evolved into an important part of daily dental practice. Appropriate 
knowledge of diagnostic and therapeutic options with dental implant therapy is therefore 
mandatory for dental students. 
The present consensus paper describes the theoretical knowledge as a foundation to the 
teaching of implant dentistry at the undergraduate level. It is based on an interdisciplinary 
course taught in the undergraduate curriculum at the University of Zurich, Switzerland. 
 
Definition of an endosseous dental implant: 
Endosseous dental implants are tapered or cylindrical devices fabricated from biocompatible 
materials, which are osseointegrated in bone for the replacement of missing teeth or for 
additional retention of removable dental prosthesis (RDP). 
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In contrast to natural teeth, osseointegrated dental implants lack a surrounding periodontal 
ligament, which has a profound impact on their biophysical behaviour as well as tactile 
perception. This has a significant clinical impact in terms of placement, restoration, function and 
maintenance. Also the peri-implant mucosa shows structural differences to gingival tissue 
around natural teeth such as variations in fibre orientation. 
 
 
1. Implant treatment overview  
Relevance for undergraduate education 
Dental implants have become an integrated part of reconstructive dentistry. In many clinical 
situations implants offer new options for replacement of missing teeth or anchorage of a RDP. 
The dentist must therefore have knowledge about the current indications for dental implant 
placement and be aware of the situations where implants may be appropriate during the 
different phases of treatment planning and execution. 
Treatment strategy 
The first step in planning a case is to gather a detailed medical and dental history and 
subsequently perform a clinical examination to collect the stomatological, dental, endodontic, 
periodontal and functional status of the patient. Appropriate imaging, articulated study casts and 
other special investigations such as vitality tests support these findings and lead to a list of 
diagnoses and a problem list. 
Treatment planning 
The next step in treatment planning is to relate the subjective and objective findings to the 
needs of the patient and the treatment possibilities. The patient should be presented with the 
treatment alternatives and understand the prognosis before making a well-informed decision. 
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Medical History 
Any systemic conditions are assessed during this phase of treatment. In this context possible 
contraindications against implant therapy or diseases associated with an increased risk for 
failure are identified (untreated diabetes, heavy smoker etc.). When necessary, the patient’s 
physician is consulted.  
Treatment of oral diseases 
It is important for the patient to understand the aetiology of the different diseases in the oral 
cavity and the importance of proper oral hygiene. Subsequently, the patient is carefully 
instructed in optimal oral hygiene procedures.  
Thereafter, professional plaque removal together with scaling and root planning are executed. 
The patient needs to be coached on how to achieve good oral hygiene. In cases with active 
periodontitis, appropriate periodontal therapy is to be carried out. The aim of such therapy is to 
eliminate existing periodontal infection: this is needed before implant placement. 
Teeth with a hopeless prognosis are extracted, endodontic treatments as necessary are 
performed and temporary reconstructions are incorporated.  
The end point of the hygiene phase is the re-evaluation and decision regarding the subsequent 
steps of therapy. Routine implant therapy is usually carried out only after successful completion 
of other dental treatments such as listed above. 
Surgical phase 
Implant placement / bone augmentation / soft tissue modification 
Intermediate phase 
Delivery of provisional or interim prosthesis 
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Reconstructive phase 
Insertion of the final reconstruction 
Maintenance 
It is important that the patient is supported and highly motivated after the treatment. This has to 
be adapted to each individual patients’ need1.  
Indications for dental implants 
(1) Anchorage of a removable dental prosthesis (RDP)  
(2) Replacement of lost or missing teeth  
(3) Anchorage for orthodontic forces 
 
Principles of implant placement 
The following therapeutic aims for implant therapy are important and may influence the choice 
of implant (with reference to implant geometry and dimensions): 
(1) To avoid injury to important anatomical structures and neighbouring teeth 
(2) To achieve good primary stability 
(3) To place implants in an accurate three-dimensional position 
(4) To ensure the correct implant axis alignment 
The treatment outcome depends on: 
(1) The dentist (general practitioner or specialist) 
(2) The implant system 
(3) The anatomy and characteristics of the implant site 
(4) Patient compliance 
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2. Osseointegration of dental implants 
Relevance for undergraduate education 
The interface between surrounding tissue and dental implant is critical for successful implant 
therapy. Hence, the dentist needs to be aware of the specific elements responsible for this 
interaction (e.g. bone healing and turnover) as well as the reactions of these tissues elicited by 
different implant materials and surface conditions. 
General aspects 
Definition: From a clinical point of view, osseointegration is the same as a stable implant. 
The following factors need to be controlled for reliable osseointegration2: 
(1) Biocompatibility  
(2) Implant design 
(3) Surface conditions 
(4) State of host bed 
(5) Surgical technique 
(6) Loading conditions 
Osseointegration at the histological level 
After insertion of a dental implant, a complicated process of wound healing starts. Initially, 
primary stability is governed by the contact between the material surface and bone. In a first 
phase, a blood clot is formed between the implant body and the bone. Thereafter, the blood clot 
matures and becomes substituted by a granulation tissue. Afterwards, vascular structures 
proliferate from the marrow spaces of the peripheral vital bone into the newly formed 
granulation tissue. 
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A short time after implant insertion, reparative macrophages and undifferentiated mesenchymal 
cells start to produce and release growth factors and an undifferentiated connective tissue 
forms in the area between the implant threads. 
This provisional connective tissue is rich in blood vessels, fibroblasts and undifferentiated 
mesenchymal cells and will gradually mature. Osteoid tissue is formed and turned into 
mineralized woven bone. This woven bone will grow in contact with the implant surface and thus 
osseointegrate the implant (biological stability). Concomitantly, the initial bone contact areas 
providing the primary stability are resorbed and replaced with new mineralized or non-
mineralized tissue. Secondary bone contact with the implant surface can be obtained with either 
contact or distant osteogenesis. 
After 4 to 8 weeks, the remodelling process starts in which the woven bone is substituted by 
lamellar bone, which exhibits a higher capacity to take up and distribute loading forces3. 
In situations with large amounts of cortical bone, good primary stability of the implant is 
obtained. This bone, however, does not exhibit the same reactive capacity as cancellous bone 
and it will exhibit slower turnover. In contrast, at sites with cancellous bone there is lower 
primary implant stability, but faster tissue turnover leading to faster osseointegration.  
Chemical characteristics of implant materials 
Biocompatibility is the tolerance of any foreign material in the living organism. 
There is a correlation between the degree of corrosion of a substance and tissue tolerance. A 
given material in the body can elicit a toxic reaction, sequestration or no reaction at all. 
A number of materials, like stainless steel, precious metal alloys, hydroxyapatites, titanium 
alloys, commercially pure (CP) titanium or aluminum and zirconium dioxides have been tested 
as implants. Currently, CP titanium, titanium 6-aluminum-4-vanadium alloy and HA-ceramics 
yield the most desirable bone-implant interface. 
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Titanium is a non-noble metal and is therefore vulnerable to corrosion. It exhibits, however, a 
high affinity to oxygen, which forms a protective titanium oxide film on the implant surface. This 
film is responsible for the corrosion resistance. 
Macroscopic implant design 
Historically, a variety of implant designs have been tried. The first generations of oral implants 
were subperiosteal implants, which were individually designed to fit on top of the bone, which 
did not work for long. Thereafter, blade implants were developed but they had a poor clinical 
outcome. Today’s successful implant designs exhibit a cylindrical or conical design (or 
combinations thereof). A key factor for success is the preparation of a congruent implant bed 
allowing primary implant stability with good bone to implant contact, which allows for integration 
of the implant in bone.  
Surface structure of dental implants 
A certain degree of surface roughness of titanium implants has been shown to be advantageous 
for bone integration. Both faster bone integration and higher bone to implant contact area is 
obtained with moderately rough surfaces compared with smoother or rough surfaces4. 
Moderately rough surfaces exhibit greater bone to implant contact, which is established in a 
shorter time period, show higher removal torque values compared with smoother or rougher 
surfaces4,5. 
 
Implant surface modification 
There is currently a drive to modify the surface of the implant to shorten  the healing period and 
improved implant anchorage in bone. The main purpose of this research is to obtain the same 
success rates with shorter implants when compared with longer ones and with fewer implants 
for a given reconstruction. This would allow for less invasive and less risky surgical procedures, 
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reduce the number of implants and thereby the costs of treatment, and enhance the indications 
for immediate or early loading.  
 
3. Soft tissue interface with dental implants 
Relevance for undergraduate education 
An understanding of the soft tissue interface with dental implants is critical for successful 
implant therapy. Hence, the dentist needs to be aware of the specific elements of these 
reactions elicited by different implant materials and surface conditions. 
General aspects 
In order to better understand the peri-implant tissues a comparison with the periodontal tissues 
may be helpful with respect to certain aspects of the soft tissues around implants. 
Anatomy of peri-implant tissues 
The composition of the soft tissue is similar at implants and teeth (oral epithelium, oral sulcular 
epithelium, junctional epithelium, connective tissue and collagen fibres). Certain dimensions for 
the biologic width are also required around implants as they are around teeth (epithelial height 
about 2 mm, connective tissue height about 1mm). Results from animal experiments have 
shown that when space for these dimensions is not provided, bone resorption around the 
implant will occur6,7. 
One significant difference between the soft tissue around natural teeth and implants is the 
orientation of the collagen fibres. At implants, the collagen fibres primarily run parallel to the 
implant without being attached to the implant surface due to the absence of root cementum8,9. 
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Conditions for a functional peri-implant mucosa 
 
(1) Maintenance of physical stability around the implant (barrier function) 
(2) Maintenance of the immunological defence against the microbiota at the implant neck 
area 
(3) Natural appearance 
 
Clinical aspects 
From an aesthetic point of view the aim is to generate an appearance mimicking that of natural 
teeth. To obtain such an illusion the mucosa around an implant reconstruction needs to 
resemble that of natural tooth with respect to the papilla, the labial mucosa, the morphology of 
the ridge and the emergence profile of the crown. Various techniques have been described, 
which allow for such a result.  
Maintenance 
Recent studies investigating implants in the aesthetic zone have demonstrated a small 
recession of the labial mucosal margin of 0.5 mm during the first year following 
incorporation of the reconstruction and mucosal stability thereafter10. 
 
4. Clinical and diagnostic information  
 
Examination and diagnosis 
In addition to a basic dental examination, a special assessment is required in order to gain the 
prerequisites for a successful treatment outcome. This should include: 
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(1) Medical and dental history 
(2) Clinical intra-oral examination of the site that will receive the implant, including : 
- morphology of the bone 
- bone level at adjacent teeth 
- gingival biotype and location of the gingival margin 
- width of attached gingiva 
- shape, position and orientation of adjacent teeth 
(3) Diagnostic imaging  
(4) Articulated casts with a diagnostic wax-up 
(5) Determination of lip- and smile lines (for implants in the aesthetic zone) 
 
 
 
5. Treatment planning considering dental implants 
Relevance for undergraduate education 
The introduction of dental implants has increased the complexity of treatment planning. In 
parallel, new information has emerged, which allows the practitioner to differentiate between 
low, medium and high-risk situations. It has thus become important to be able to identify the risk 
status and consult the patient regarding the most attractive treatment option. 
  
For example, the Swiss Society of Implantology published in 1999 a surgical risk classification 
of implant therapies. An analysis of risk allows the general practitioner to estimate the level of 
difficulty and to decide whether the patient should be sent to a specialist11,12.  
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One of the most important aspects of this risk analysis is the available bone volume in the 
implant site and although short implants (6 to 10mm) have shown clinical success, it is easier to 
achieve primary stability with longer implants13,14. 
Also, implants should be placed in the prosthetically ideal position. Hence, there is a need for 
meticulous planning including diagnostic wax-up and use of surgical stents. 
Timing of the implant treatment after extraction can vary from  
(1) Immediate placement following extraction 
(2) After completed soft tissue healing (6–8 weeks) 
(3) After the bone is more or less healed (3-4 months after extraction) 
(4)  After the socket shows complete healing (about 6 months)15. 
 
6. Aesthetic considerations 
Relevance for undergraduate education 
The dentist should have some general knowledge about the possibilities for highly aesthetic 
implant reconstructions. The procedures per se, however, are highly specialised and the 
general practitioner need not have the same depth of knowledge as the other areas covered in 
this document. 
General aspects 
The aesthetic success in implant dentistry is dependent on: 
(1) Proper diagnosis 
(2) Prosthetically driven implant placement 
(3) Optimal soft tissue management (“pink aesthetics”) 
(4) Pleasing superstructure (“white aesthetics”) 
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Treatment options 
When the conditions at the planned implant site are unfavourable for an aesthetically successful 
treatment outcome, the following treatment options are to be considered: 
(1) Conventional fixed dental prosthesis (FDP) 
(2) Resin-bonded FDP 
(3) Removable dental prosthesis 
(4) Orthodontic treatment 
7. Fixed dental prosthesis on teeth versus implant reconstruction 
Relevance for undergraduate education 
With the introduction of dental implants, new possibilities of treatment have become available. 
The dentist needs to be able to inform the patient about the treatment options and their 
advantages and disadvantages. Frequently, a choice has to be made between a FDP anchored 
on teeth and an implant-borne reconstruction16,17. This decision should be based on subjective 
and objective findings. 
Pertinent questions from the patient’s perspective 
(1) Treatment costs 
(2) Overall treatment time 
(3) Aesthetic outcome 
(4) Provisional solution 
(5) Long-term results 
 
Pertinent questions from the dentist’s perspective 
(1) Physical health of the patient 
(2) State of the neighbouring teeth  
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(3) Space dimensions, bone profile 
(4) Prognosis of reconstruction 
(5) Possible complications 
For more detailed information, see the electronic appendix11. 
 
8. Material aspects for dental implants  
Relevance for undergraduate education 
The general dentist should have knowledge about all materials used in dental reconstructions, 
including ceramics and implants. 
History 
Dental implants have historically been used with varying degree of success, but this changed 
with the discovery of osseointegration. The Branemark group placed their first screw-shaped 
titanium implant in 1965, and published their 10-year experience in 1977 in a paper, where the 
term osseointegration was introduced. It is noteworthy that similar research occurred more or 
less simultaneously, but independently, in Switzerland by André Schröder and in Germany by 
Willi Schulte. 
Titanium 
Titanium is a light and strong metal. It has the highest strength/weight ratio of all metals. 
Titanium has a very high corrosion resistance, which makes it biocompatible. This resistance to 
corrosion is due to the formation of an oxygen film of the implant surface. 
If other metals come in contact with titanium, there is a risk of galvanic corrosion, an 
electrochemical process in which one metal corrodes preferentially when in electrical contact 
with a different type of metal and both metals are immersed in an electrolyte.  The clinical 
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significance of this process is yet uncertain, but it is known that the process does not 
compromise osseointegration and with the use of titanium abutments, there are no or only very 
small amounts of metallic ions found in the tissue around the implants. With the use of noble 
metal abutments, in 30% of the cases, traces of titanium are detected in peri-implant tissue. 
This corrosion may over time be associated with pain and implant fractures18. The complication 
of implant fracture is rare but very severe. The cause is material fatigue through a progress of 
an initial crack. It is often associated with an intrabony defect around the implant. However, the 
aetiology remains unclear. One possibility is that the extended lever arm with the bony defect 
leads to overloading of the implant, or the microcrack in the implant facilitates bacterial infection. 
The incidence for implant fracture is very low (< 1% after 5 years)19. 
Allergy to titanium has been described in the literature, but some uncertainty remains20. 
Other materials 
Hydroxyapatite and tricalcium phosphate have been suggested but not proven to achieve a 
chemical bonding to bone and their mechanical properties are too weak to function as the core 
material for implants (E modulus = 10 GPa). 
Aluminum oxide (Al2O3) was used in its single crystalline structure (Sapphire implant). The 
mechanical properties however were poor and the incidence of implant fracture was very high. 
Similarly, aluminum oxide in its polycrystalline structure was used in the 1980s (Tübingen 
implant) and discontinued due to high failure rate mainly due to core fractures.  
Zirconium dioxide (zirconia) 
Zirconium dioxide (Zr02) exists in three types: monoclinic, tetragonal and cubic. The mechanical 
properties of the tetragonal type are most suitable for oral implants.  
Zirconium dioxide is a newer material which initially has been used as abutment material, where 
the main advantages are its white colour and adequate mechanical properties. Zirconium as a 
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material for dental implants has been shown to osseointegrate and may in the future become 
more attractive. The main problems, currently, relate to the connection between implant and 
superstructure (which means they only exist as “one piece” implants) and the low temperature 
degradation of Zirconium dioxide. 
9. Surgical procedures 
Relevance for undergraduate education 
In order to perform implant placement in uncomplicated cases and to give appropriate patient 
information, adequate knowledge of surgical procedures is mandatory.  
General aspects 
Implant surgery is similar to many other oral surgical procedures. Implant placement normally 
requires raising a soft tissue flap, drilling of bone, followed by adequate closure of the wound. 
Like other oral surgical interventions, working under sterile conditions is mandatory. 
Pre-medication and anaesthesia 
Before the operation, the patient should rinse with an antiseptic mouthwash in order to reduce 
the amount of microbes in the oral cavity. In order to reduce pain and swelling after the 
operation, the use of analgesics and anti-inflammatory agents is recommended. In cases where 
bone augmentation is needed, pre-medication with suitable antibiotics is routine. 
Appropriate local anaesthesia is a prerequisite for painless surgical intervention. This is 
sufficient for most cases, but may be augmented by IV sedation or general anaesthesia for 
difficult or complex cases.   
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Incision and flap design 
The incision is placed on the palatal/lingual side of the top of the alveolar ridge to keep attached 
mucosa at the buccal part of the flap. The incision is extended into the neighbouring interdental 
area. Vertical releasing incisions are made if needed, in particular, when augmentation 
procedures are to be performed. Releasing incisions are preferably located in the distal aspect 
of the field of surgery for aesthetic reasons (scarring). 
A full thickness flap is raised and the bone is cleaned from all remnants of soft tissue. 
There is some support in the literature for flap-less procedures, although they are not well 
documented. 
Implant positioning 
There are different measuring devices available to help locate the correct implant position. 
These devices do not substitute accurate planning, including a wax-up of the prosthetic end 
result. The fabrication of a surgical stent is often helpful in defining the correct three-
dimensional position and orientation of the implant. A surgical stent can also be manufactured 
based on computerised planning on CT scans. 
Implant bed 
The implant bed is prepared with special burs increasing in diameter. The final bur is normally 
slightly smaller in diameter than the implant. The reason for this is to achieve good primary 
stability of the implant by creating a so-called “press-fit”. Sharps drills at low speed and sterile 
saline irrigation is necessary to avoid overheating the bone, which can cause subsequent 
necrosis. The burs are marked with indications to guide the depth of drilling. Special care should 
be taken to continuously check the depth of the implant bed, thus avoiding damage to sensitive 
anatomical structures. 
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The prospective implant position and the depth of the implant bed are checked using indicators 
together with the surgical stent. 
In locations exhibiting very cancellous bone, it may be helpful to prepare the implant bed using 
the osteotome technique to condense the bone adjacent to the implant bed and to thus achieve 
better primary stability. 
Wound healing  
There are two different scenarios for soft tissue healing after implant placement.  
In aesthetic cases or when extensive bone augmentation are performed, a submerged healing 
with primary wound closure is recommended.  
In other cases, when a good primary stability of the implant is achieved, there is the possibility 
of transmucosal healing. This is achieved by placing a healing abutment on the implant, around 
which the tissue adapts itself. This procedure has the advantage that there is no need for a 
second operation to uncover the implant.  
Follow-up 
In order to reduce the risk of complications after implant surgery, the patient should refrain from 
eating very hot, very cold, sharp or hard foods.  
Sutures are removed 7-10 days after the operation. Depending on the extension of the surgical 
intervention a second follow-up may be needed after about three weeks. 
In order to secure undisturbed wound healing tooth brushing in the operated area is 
discouraged and adequate plaque control is achieved by oral rinses with an antiseptic 
mouthwash for 1-2 weeks, at which time normal oral hygiene procedures are resumed. 
 20 
10. Surgical complications 
Relevance for undergraduate education 
Adequate knowledge of surgical complications is required and includes possible risks 
associated with the general health status of the patient and potential surgical complications. 
 
Implant-specific complications 
Specific complications include implant loss, infections, recurring inflammation, damage to 
neighbouring teeth, damage to nerves, opening of the maxillary sinus or nasal cavity, maxillary 
sinusitis and fracture of the mandible. 
Bleeding and haematoma 
Bleeding and haematoma formation is not always avoidable. It can be caused by deficient 
vasoconstriction, damage of blood vessels, a systemic bleeding tendency, anticoagulation 
therapy and secondary bleeding. 
In order to reduce the risk of postoperative bleeding, there must be haemostasis at the end of 
surgery and the patient must be given clear postoperative instructions, including the use of 
gauze, ice packs, avoidance of sports and hard physical work. 
Infection 
Factors such as immunodeficiency (influenza infection, immunosuppression, diabetes mellitus), 
reduced blood circulation after radiation and smoking may increase the risk for infections after 
implant surgery. In addition, untreated periodontitis, surgery under non-sterile conditions, 
traumatic surgery and postoperative formation of a haematoma may increase the risk for 
infection.  
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Damage to neighbouring teeth 
Before the operation, the vitality of the adjacent teeth should be tested. In narrow spaces, an 
intra-operative radiograph is helpful to examine the distance to the roots of the neighbouring 
teeth. If damage to adjacent tooth occurs the patient has to be informed and the damage should 
be properly taken care of. 
Damage to nerves 
Damage to nerves can cause permanent changes in sensibility of soft tissues and teeth. Such 
complications are serious in nature. Sometimes it can be helpful to take an intra-operative 
radiograph with a bur or paralleling pin in place, in order to check the distance to neighbouring 
nerve structures. 
Liability 
Liabilities are subject to regional jurisdiction. In general, the dentist providing the care is 
responsible for providing accurate and complete informed consent including the prognosis of 
the treatment, possible complications and alternative treatment options. 
This information to the patient should be made available prior to the procedure and not on the 
day of surgery. It is recommended, that this informed consent be documented in writing. 
 
11. Management of bone and soft tissues for implant site development 
 
 
Relevance for undergraduate education 
In order to be able to place dental implants in sites where there is insufficient volume of bone or 
inappropriate soft tissue type or morphology, knowledge of various techniques should be 
available for the experienced practitioner. 
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Bone grafting 
 
Autogenous cortical, cancellous or corticocancellous bone can be harvested from various sites 
including the jawbones (chin, ramus, tuberosity) and external sites (iliac crest, calvarium, tibia, 
ribs). Grafts can be used to augment width and height of the alveolar ridge or as inlay into the 
maxillary sinus (sinus lift) to allow placement of implants in the posterior maxilla. 
 
Guided bone regeneration is mostly used for smaller bone deficiencies than those that would 
require a bone graft, such as dehiscences or fenestrations around recently placed dental 
implants, localised alveolar bone defects and defects resulting from tissue destruction due to 
peri-implantitis. The technique includes the placement of a barrier membrane to prevent 
ingrowth of non-osteogenic tissue and allow the proliferation of bone cells from the adjacent 
sites.  Frequently, bone or osteoconductive bone substitutes are placed beneath the membrane, 
which can be fixed by screws or fixation pins.  
 
Distraction osteogenesis 
Distraction osteogenesis is widely used in orthopaedic and craniofacial surgery, but its use in 
relation to dental implantology is yet to be fully evaluated.  
 
Soft tissue management 
A range of surgical methods exists for the development of the local site in order to improve the 
quality or shape of the soft tissues around implants and their restorations. 
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12. Prosthetic aspects: removable reconstructions 
Relevance for undergraduate education 
Removable reconstructions are amongst the frequent prosthetic solutions involving dental 
implants. The dentist needs to be competent in evaluating clinical situations and in advising 
patients about the suitability of the different options. 
General aspects 
The literature suggests that a mandibular implant-supported overdenture has a better prognosis 
than a maxillary implant-supported overdenture, also in cases with highly resorbed alveolar 
ridges. A mandibular two-implant overdenture should thus be the first choice for edentulous 
patients as it would provide better function, patient satisfaction and oral health-related quality of 
life21. 
An implant-supported overdenture can lead to an improvement of the patient’s diet, but it is 
something the patient has to learn step by step after insertion. Education is required to reach 
that goal22. 
It is in many cases also possible to offer the edentulous patient a fixed implant-supported 
prosthesis. The choice depends on several factors of which some of the most important are:  
 -  Amount of bone resorption 
-  Possibility of maintenance 
-  Possibility of ease of speaking 
 -  Finances 
-  Patient wishes 
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The edentulous patient (lower jaw) 
 
In the edentulous mandible two implants with a bar superstructure and overdenture is the 
standard therapy for most patients. Four implants are recommended in cases of extreme 
atrophy of the mandible (when only short implants can be used), when there is a natural 
dentition in the upper jaw (a balanced occlusion is often not possible which leads to 
uncontrolled forces on the overdenture) and when patients complain about recurring sore spots 
or pressure on the alveolar nerve. An overdenture on two implants retained by isolated retentive 
elements (ball attachment) is easier to clean for the patient and gives the same initial patient 
satisfaction23. Long-term follow-up studies do however reveal that maintenance may be a little 
more extensive for isolated retentive elements than for bar-clip retention systems. 
 
The edentulous patient (upper jaw) 
 
In the edentulous maxilla usually four to six implants are placed which are connected with a bar 
to support the overdenture. In case of severe resorption of the alveolar process the implants 
may be placed in the posterior region, possibly in combination with a sinus floor elevation.  
Complications 
Most of the problems with implant-supported overdentures are related to mechanical failures of 
the retentive elements (e.g. loss of screws, loss of female retention elements). 
To minimise these problems, it is very important that the denture is constructed to be stable by 
itself and the position of the implants must be determined after the final try-in. 
Extensions of the bar for overdentures are indicated in patients who wish a maximum comfort or 
in younger patients; this may help stabilise the upper denture in cases of marked atrophy of the 
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maxilla. However, there is an increased risk of fracture of these distal extensions, which can be 
prevented by the use of individually milled bars rather than soldered bars. 
The partially edentulous patient 
In these patients implants are used to: 
(1) Improve the biomechanics of a removable partial denture 
(2) Save tooth structure 
(3) Decrease treatment and maintenance costs 
The biomechanics of a RPD can be improved by placing distal implants because the rotational 
axis can be eliminated. This also decreases the maintenance costs, because it is rarely 
necessary to underlay a RPD, which is supported by distal implants.  
 
13. Prosthetic aspects: fixed reconstructions 
Relevance for undergraduate education 
Fixed reconstructions are amongst the most frequent prosthetic solutions involving dental 
implants. The dentist needs to be competent in evaluating clinical situations and in advising 
patients about the suitability of the different options 
General aspects 
Several questions need to be answered before the incorporation of fixed implant 
reconstructions: 
(1) Screw retention or cementation of the restoration? 
(2) Standard or customised abutments? 
(3) Ceramics or metal? 
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Cemented superstructures 
A significant advantage of cemented superstructures is that there is higher flexibility concerning 
positioning of the implant. Nevertheless, accurate planning is still mandatory prior to the implant 
procedure.  This planning includes a wax-up mimicking the prosthetic end result. The fabrication 
of a surgical stent will facilitate the accurate placement of the implant. This may be further aided 
by the use of computerised planning based on CT scans, which can lead to the production of 
customized surgical stents and even prosthetic superstructures. 
Customised abutments are mainly used in aesthetic sites, especially in cases with a high 
scalloped biotype. Customised abutments can be fabricated with CAD/CAM systems. In 
posterior regions standard abutments are more widely used. 
The choice of metal or ceramic (zirconia or alumina) abutments depends mainly on the 
thickness of the peri-implant mucosa. In the aesthetic area and in situations with a thin mucosa, 
ceramic abutments with all-ceramic crowns are preferred. In cases with thick biotype or when 
aesthetics is of minor concern, titanium abutments with metal-based superstructures are 
chosen. 
 
Disadvantages and risks of cemented superstructures encompass: 
(1) Displacement of residual cement into the submucosal environment 
(2) Loosening or fracture of abutment screws 
(3) Fracture of the veneering ceramic 
(4)  Difficulty removing the reconstruction 
Screw-retained superstructures 
The main advantages of this solution are: no need of cement removal, easier clinical handling 
and the possibility of re-entry. However, in contrast to the cemented solution, there is less 
tolerance concerning the implant position, especially in the anterior region. 
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Disadvantages and risks of screw-retained restorations: 
(1)  More complicated for the dental technician leading to higher costs 
(2)  Closing of access holes needed 
(3)  Fracture of the ceramic 
(4)  Loosening or fracture of abutment screws or prosthetic screws 
 
Both, screw-retained and cemented restorations have their advantages and disadvantages. 
Generally, single crowns and small bridges are often cemented and bigger reconstructions are 
mostly screw retained.  
 
 
14. Biomechanical aspects of implant-supported reconstructions 
Relevance for undergraduate education 
Every fixed or removable reconstruction is subject to biomechanical forces. Knowledge about 
these biomechanical aspects of implant therapy is critical for making the right decisions for long-
term success of the treatment.  
General aspects 
Clinical long-term stability of implant reconstructions depends upon two main factors: 
(1) Biomechanical equilibrium (at the bone level) 
(2) Balance between host defence and oral bacterial biofilm (at the soft tissue level) 
Tactile sensitivity with implants 
Several studies have documented that the tactile sensitivity of implants is around a factor of 10 
smaller than that of natural teeth. Occlusal forces perceived by natural teeth range from about 1 
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to 10 mN. In contrast, 10 to 100 mN are necessary to elicit a perception at implant-borne 
reconstructions24,25. 
Tooth-implant borne reconstructions 
Whereas natural teeth are anchored in the jaw bones by the collagen fibres of the periodontal 
ligament, implants are in direct contact with bone by osseointegration. One of the 
consequences of this different anchorage is the discrepancy in mobility of implants and teeth. 
Teeth with intact and healthy periodontal support have a natural mobility of about 50 µm in a 
vertical direction, whereas implants have as little as 2 µm. In a horizontal direction teeth have a 
mobility of about 250 µm in contrast to implants which have less than 50 µm. 
In situations with cantilevers, the loading forces on the implants may exceed the chewing forces 
measured on the reconstruction. This is assumed to be due to the lever arm of the cantilever. 
Well-documented clinical studies indicate successful treatment outcomes with implant borne 
cantilever reconstructions of adequate design26,27. 
Impact of bruxism 
Patients with parafunctional habits have a higher risk of failure of every kind of reconstruction 
including the ones borne on implants: removable dental prosthesis on teeth or implants, fixed 
dental prosthesis on teeth or implants. 
It remains unclear as to what degree functional and parafunctional overload or adverse loading 
may lead to loss of a once-established osseointegration and subsequent implant failure. There 
are limited data in the literature about implant failure due to occlusal overload/adverse loading. 
In contrast, excessive occlusal forces on long cantilever extensions have been shown to 
increase the rate of technical complications and failure of the reconstruction. 
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Necessary number and length of implants 
There is increasing evidence that short implants of 6 to 10 mm may be clinically successful over 
time13,14. As a consequence, less invasive surgical procedures may be possible in situations 
with low bone height. Furthermore, an increasing volume of information indicates that not every 
lost tooth needs to be replaced by an implant. Thus, it is possible to replace more than one 
tooth worth of chewing capability with every single implant. Hence, less invasive surgical 
procedures and reconstructions at lower cost are becoming the standard of care.  
 
15. Aetiology, pathogenesis, prevention and therapy of peri-implantitis 
Relevance for undergraduate education 
It is possible that peri-implant tissue destruction may be a more common finding during long-
term service of implant-borne reconstructions than was previously believed. Early diagnosis and 
suitable intervention will help minimise the consequences of peri-implantitis. It may be that 
different materials exhibit different probabilities for the development of peri-implantitis or that 
they lead to different patterns of tissue destruction. Knowledge of aetiology and pathogenesis of 
peri-implantitis is required to select and perform suitable interventions. 
Definitions 
Peri-implant mucositis and peri-implantitis are infectious diseases, the first solely within the soft 
tissues alone around an osseointegrated implant and the second also affecting local bone 
around an osseointegrated implant. 
Microbial colonization 
Results from studies have indicated that the microbial colonisation seen on oral implants may 
be identical to those observed on teeth. 
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It has been established that the microbiota at healthy implants is about the same as the 
microbiota at healthy teeth28. Also, the microbiota associated with peri-implant infections is 
almost identical to that around teeth with periodontal disease29. 
Peri-implant mucositis 
Human studies have shown that the production of inflammatory mediators and the expression of 
cytokines appear to be very similar around natural teeth and implants30. There are also studies 
that prove a cause-and-effect relationship between bacterial plaque and developing gingivitis in 
both scenarios31. There is almost no difference between oral implants and natural teeth 
concerning mucositis or gingivitis, respectively. There is no difference in the clinical parameters 
that these conditions evoke31. 
Peri-implantitis 
Patients who have lost their teeth because of periodontitis have a higher risk of developing peri-
implantitis around implants. Peri-implantitis, however, may not develop in all peri-implant sites 
with mucositis, just as periodontitis may not develop in all sites with gingivitis32. 
Diagnostic aspects 
Peri-implant infections represent lesions originating from the marginal peri-implant sulcus and 
the marginal bone loss results in the formation of infrabony defects. This does not lead to 
increasing mobility of the implant because it is still osseointegrated in the more apical part. An 
increase in mobility indicates the almost complete loss of osseointegration of the entire implant. 
Bleeding on probing (BOP) has been studied as a predictor of future bone loss around teeth. 
The measurement is made with a periodontal probe using 0.25N force. Absence of bleeding on 
probing is a very reliable predictor for periodontal stability on natural teeth33. Also around 
implants, the absence of BOP is a reliable indicator for peri-implant stability.  
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Another tool to evaluate bone destruction around implants are conventional peri-apical 
radiographs, which have a low proportion of false-positive findings and hence, yield high 
specificity for the detection of peri-implant bone loss34. One disadvantage, however, is that 
radiographs have no prognostic value. They represent a two-dimensional representation and 
the changes visible in radiographs appear later than in reality. Also, it must be recognised that 
radiographic evidence of bone-to-implant contact does not imply osseointegration at the 
histological level35. 
 
 
Treatment of peri-implant mucositis and peri-implantitis 
Peri-implant mucositis is best treated by proper plaque and calculus removal with motivation 
and instruction of the patient in adequate oral hygiene. 
Peri-implantitis is best treated by a combination of antiseptic and antibiotic therapy, and when 
there is more severe bone loss there may be need of a surgical approach36. 
 
 
Possible reasons for bone loss other than peri-implantitis 
There is some evidence that adverse loading may cause bone loss around implants. This bone 
loss may follow poorly controlled occlusion and articulation as well as static stresses (misfit) 
from restorations. Treatment in these cases involves adjustment of the occlusion and 
articulation to avoid steep cuspal inclination. In the case of misfit, bridge adjustment or 
replacement of restorations may be needed. In addition, cantilever deflection may lead to stress 
concentrations at the sites of distal abutments and treatment may include shortening of the 
cantilevers. Yet another reason for unwanted bone loss may be adverse reactions to the dental 
materials used. 
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16. Long-term results of implant supported reconstructions 
Relevance for undergraduate education 
The long-term prognosis of an implant-supported prosthesis is one of the key factors influencing 
the choice of treatment. Knowledge about the factors critical for success and failure will lead to 
better treatment outcome.  
General aspects 
The best treatment choice in a given situation should be based on the longevity and the risk of 
complications of a particular type of treatment. The best source for this type of information is 
systematic reviews, which demonstrates the survival and complication rates of the different 
treatment options. 
When reviewing information in systematic reviews, the highest level of evidence can be derived 
from randomised controlled clinical trials. Unfortunately, there are no studies which compare the 
reconstruction on teeth and on implants in a randomised manner. 
Recently, some systematic reviews based on prospective and retrospective cohort studies were 
written, which compared different reconstructions on teeth and on implants during 5 and 10 
years of function16,17,19. For more detailed results summarising key aspects of such systematic 
reviews, see to the electronic appendix of ref 11. 
 
Survival and success of oral implants 
Survival simply means that the implant is still in the patient, whereas success is of a higher 
order and dependent on particular criteria. The most commonly used criteria for success include 
careful bone height evaluations, with suggested maximal bone loss of 1mm in the first year of 
placement and <0.2mm annually thereafter.  
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Maintenance in the presence of biological complications 
For implant patients with a good compliance and an uneventful healing, the recall period should 
be six months. After 3 to 5 years, this can be extended to once a year. 
The recall examination should include following examinations: 
(1) Superstructure 
(2) Soft tissues 
(3) Mobility, suppuration 
(4) Location of the mucosal margin 
(5) Probing pocket depth 
(6) Bleeding on probing 
(7) Radiograph after 1 year and then when needed (normally every 3 to 5 years) 
For patients with a poor compliance or when any complications are present, the recall should be 
every 3 months. 
The risk for complications increases when:  
(1) Patients have inadequate oral hygiene 
(2) Patients have a history of former implant failure  
(3) Patients have a history of periodontal disease  
(4) Patients have diabetes mellitus 
(5) Patients smoke 
Removal of the implant 
If a previously osseointegrated oral implant is clinically mobile, removal is mandatory. 
Radiographically, this may be visible as a radiolucency surrounding the entire implant. In 
addition, there may be clinical situations which cannot be controlled, mostly implants with 
suppuration, overt bleeding on probing and severely increased peri-implant probing depth ≥ 
8mm, a removal of the implant may also become necessary.  
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